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Introduction

 Minerals, like vitamins, are a group of impor-
tant nutrients. Although they make up only 4 % of 
body weight they are a part of every tissue, fluid, cell 
and organ in the human body. There is significant 
evidence that minerals, by themselves and in proper 
balance to one another, have important biochemical 
and nutritional functions (Pike and Brown, 1984). 
There are twenty minerals that are considered to 
be nutritionally essential. Sometimes minerals are 
classified as macrominerals (sodium, potassium, 
chloride, calcium, magnesium and phosphorus) and 
as trace elements (iron, copper, zinc, manganese, 
selenium, iodine, chromium, cobalt, molybdenum, 
fluoride, arsenic, nickel, silicon and boron) and all 
of them are present in milk at some concentration 
(Cashman, 2006). The main elements are essen-
tial for human beings in amounts >50 mg/day, while 
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Summary

 Minerals occur in all foodstuffs as well as in milk and dairy products. The mineral content in 
milk is influenced by many factors ranging from environmental conditions during pasture, feeding, 
breeding, stage of lactation and climate to post-milking handling, transportation and processing. The 
aim of the study was to assess whether the intakes comply with Recommended Dietary Allowances 
(RDA), Adequate Intakes (AIs) or Tolerable Upper Intake Levels (ULs) for essential elements. Milk 
samples from different producers and with different fat content were purchased from Zagreb’s mar-
ket four times in year 2007 and analysed. Concentrations of ten minerals (Ca, P, Mg, Fe, Cu, Zn, Mn, 
Ni, K and Na) were determined by atomic absorption spectrometry. Mean values of mineral contents 
were in range with the literature data. The daily intakes of these minerals by school children selected 
in age-gender groups (school children 8-9 years old and adolescents 15-18 years old) through milk 
consumption were also estimated. The average daily intake of essential minerals ranged from a mini-
mum of 1.36 % of manganese up to 35.27 for phosphorus, irrespective of age and gender of children.

 Key words: milk, minerals, mineral intakes

trace elements are essential in concentration <50 
mg/day and their biochemical actions have been elu-
cidated (Belitz et al., 2004). Some minerals have no 
known beneficial biological function and long-term, 
high level exposures may be harmful to health. For 
instance, organic mercury compounds are neurotox-
ins, exposure to lead can be harmful to neuropsy-
chological development, inorganic arsenic is a human 
carcinogen, cadmium can affect renal function and 
high concentrations of tin in food can cause stomach 
upsets. Some elements, such as copper, chromium, 
selenium and zinc are essential to health but may 
be toxic at high levels of exposure (Ministry of 
Agriculture, Fisheries and Food, 1998ab; Mar-
tino et al., 2000). Minerals are constituents of the 
bones, teeth, soft tissue, muscle, blood, and nerve 
cells. They are vital to overall mental and physical 
well-being. Minerals act as catalysts for many bio-
logical reactions within the body, including muscle 
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response, the transmission of messages through the 
nervous system, and the utilization of nutrients in 
food (Anonymous 1, 2010). 

 The mineral concentration in raw cow’s milk 
vary according to different factors, such as lactation 
period, animal species and health status, season, cli-
mate, dietary composition of animal feed, environ-
mental contamination (Coni et al., 1994; Coni et 
al., 1995; Licata et al., 2004; Orak et al., 2000; 
Rodríguez Rodríguez et al., 2001). Also, process-
ing conditions can have a significant effect on con-
tent and ratio of mineral compounds in milk (Coni 
et al., 1994; Coni et al., 1995; Zurera - Cosano et 
al., 1994; Licata et al., 2004; Lante et al., 2006). 
Minerals and trace elements in cow’s milk occur as 
inorganic ions and form complexes with proteins, 
peptides, carbohydrates, fats and small molecules. 
The main mineral binder or chelators of calcium are 
the caseins, alphas 1-casein, alphas 2-casein, beta ca-
sein and kappa casein, but also whey proteins and 
lactoferin bind specific minerals like calcium, mag-
nesium, zinc, iron, sodium and potassium (Vegarud 
et. al., 2000). 

 In the case of essential minerals this is the 
Recommended Dietary Allowances (RDA), a set 
of nutrient standards established by Committee 
on Dietary Allowances or Adequate Intakes (AIs) 
or Tolerable Upper Intake Levels (ULs). The RDA 
is the average daily intake of energy and nutrients 
considered adequate to meet the needs of almost 
all (97-98 %) healthy infants, children and people. 
RDAs and AIs may both be used as goals for indi-
vidual intake. For healthy breastfed infant, the ad-
equate intake (AI) is the mean intake. The AI for  
other life stage and gender groups is believed to 
cover the needs of all individuals in the group, but 
lack of data prevents ability to specify with confi-
dence the percentage of individuals covered by this 
intake. The Tolerable Upper Intake Levels (ULs) is 
the highest level of daily nutrient intake that is likely 
to pose no risk of adverse health effects for almost 
all individuals (Anonymous 2, 2010). 

 The aim of this study was twofold: monitoring 
of minerals content in milk samples (pasteurised and 
sterilised milk samples from different producers and 
with different fat content) through one year (spring-
winter 2007) and to assess whether daily intakes 
of 10 essential minerals by school children through 
milk consumption comply with RDAs, AIs and ULs. 

Materials and methods

 Cow’s milk samples, pasteurised or sterilised, 
from different producers and with different fat 
content, were purchased on Zagreb’s market four 
times (each season) through year 2007. The samples 
were labelled as follows: A - pasteurised milk sam-
ples with 2.8 % fat content; B - sterilised skimmed 
milk samples with 0.9 % fat content; C - sterilised 
partially skimmed milk samples with 1.6 % fat con-
tent; D - sterilised semi-skimmed milk samples with 
2.8 % fat content; E - sterilised whole milk samples 
with 3.6 % fat content. The N was total number of 
analysed samples obtained by multiplying number of 
producers (2, 3 or 7) with number of sampling (4x).

A Muffle furnace was used for ash determination in 
milk samples. A flame atomic absorption spectro-
metry (AAS, Varian, SpectrAA 220) was used for 
determination of minerals content such as Ca, P, Mg, 
Fe, Zn, Cu, Ni, Mn, K, Na  (AOAC, 2000ab).  

 Subjects were school children recruited from 
public primary and secondary schools, age 8-9 years 
and 15-18 years (Table 1). Parents were informed 
about the survey from the school principals and their 
consent was obtained. Food consumption as well as 
sterilised milk samples with 2.8 % fat content, were 
monitored with a specially designed completely 
quantified Food Frequency Questionnaire (FFQ) 
(Macdonald, 1991). The method was found useful 
in measuring intakes for a variety of nutrients (Pao 
and Cypel, 1990; Surrao et al., 1998; Cavadini et 
al., 1999; Moore et al., 2005). 

 The questionnaire contained a list of 83 differ-
ent items and enough space for adding foods that are 
consumed but were not listed. Available frequencies 
of food consumption were: “Never”, “At least once 
a month”, “2-3 times a month”, “1-2 times a week”, 
“3-4 times a week”, “5-6 times a week”, “Once a 
day” and “More than once a day”. Quantities were 
described as units of serving (piece, plate, cup, 
spoon, etc.). To determine the weight of portion siz-
es predefined measures were used (Colić, 1987). 
Records were converted to quantities by using own 
results of determination of mineral content in milk 
samples. The survey for children was obtained from 
parents who received the FFQ and were informed 
how to fill it and also received written instructions 
and pictures explaining portion sizes. Parental re-
ports of children’s diet using FFQ methods seem 
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accurate enough to be useful in nutrition screening 
(Byers et al., 1993). Information from adolescents 
was obtained in a form of a personal interview with 
trained interviewers. Subjects were explained the 
importance of honesty and correct reporting of food 
intake. Such information seem to affect accuracy 
of food intake reporting (Vuckovic at al., 2000). 
Portion sizes were demonstrated with dish models 
and serving utensils. Each questionnaire required ap-
proximately 80 minutes to complete.

Results and discussion

 Essential minerals are key factor in many bio-
chemical and nutritional functions in human body. 
Depending on their concentration, of their mutual 
ratio they can act as nutrients, sometimes as poisons 
and their deficiency could result by some diseases 

(Anonymous 1, 2010; Belitz et al., 2004; Brew-
er, 2010). Milk is an important source of macronu-
trients (proteins, lipids and carbohydrates) and mi-
cronutrients (minerals, vitamins and enzymes). All 
minerals, considered to be essential to the human 
diet, are present in milk, so milk as major source of 
nutrients in child and adolescent nutrition is a good 
source of essential minerals (Whitney et al., 1990). 
In this research, pasteurised and sterilised cow’s 
milk with different fat content were investigated. 
Mean values and standard deviation for concentra-
tions of essential minerals in all investigated samples 
in period from spring to winter 2007 are given in 
Table 2. Among macrominerals, the highest concen-
tration was found of potassium, followed by phos-
porus, calcium, sodium and magnesium. The trace 
elements were in concentrations almost lower than 
1 mg/L with zinc exception (cca 3.5 mg/L). With 

Parameters

Parametri

8-9 years/8-9 godina 15-18 years/15-18 godina

Boys

Dječaci

Girls

Djevojčice
∑

Male

Muški

Female

Ženski
∑

N (number)/N (broj) 52 48 100 51 57 108

Age (mean)/Uzrast (prosjek) 8.65 8.79 8.72 16.05 15.82 15.93

Table 1. Subjects defined by the age and gender
Tablica 1. Ispitanici prema starosti i spolu

Table 2. Mineral content (mg/L) (x±s) in all investigated milk samples collected in period spring - winter 
2007. 

Tablica 2. Udjel minerala (mg/L) (x±s) u svim ispitivanim uzorcima mlijeka sakupljenih u razdoblju proljeće 
- zima 2007. godine

Samples Mineral content/Udjel minerala (x±s) (mg/L)

Uzorci Ca P Mg Fe Cu Zn Mn Ni K Na

A

N=28
901.2 
±80.2

930.6 
±49.4

110.8 
±17.4

0.70 
±0.27

0.19 
±0.10

3.22 
±0.23

0.050 
±0.08

0.0896 
±0.01

1560.7 
±321.7

490.1 
±87.1

B

N=12

886.3

±82.9
1053.2 
±23.2

115.5 
±21.8

0.53 
±0.15

0.17 
±0.01

3.51 
±0.10

0.050 
±0.07

0.0959 
±0.02

1582.1 
±289.1

468.5 
±91.3

C

N=12
845.7 
±30.6

964.7 
±59.7

120.2 
±12.1

0.99 
±0.83

0.19 
±0.06

3.25 
±0.32

0.058 
±0.13

0.0837 
±0.01

1575.5 
±232.6

463.1 
±68.6

D

N=12

900.7

±139.4

927.8

±40.1
115.0 
±27.4

0.55

±0.10

0.14

±0.04
3.80  

±0.15
0.055

±0.09
0.0724 
±0.01

1565.4  
±247.4

466.3 
±96.2

E

N=8

927.8

±27.1

967.4

±29.8
122.7 
±15.3

0.59  
±0.34

0.24

±0.03
3.66 

±0.35
0.068

±0.11
0.0965 
±0.05

1580

±231.0

492.7

±75.1

A - pasteurised milk samples with 2.8 % fat content/uzorci pasteriziranog mlijeka s 2,8 % m.m.; B - sterilised skimmed milk samples 
with 0.9 % fat content/uzorci steriliziranog obranog mlijeka sa 0,9 % m.m.; C - sterilised partially skimmed milk samples with 1.6 
% fat content/uzorci steriliziranog djelomično obranog mlijeka sa 1,6 % m.m.; D - sterilised semi-skimmed milk samples with 2.8 % 
fat content/uzorci steriliziranog poluobranog mlijeka sa 2,8 % m.m.; E - sterilised whole milk samples with 3.6 % fat content/uzorci 
steriliziranog mlijeka sa 3,6 % m.m.
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some exceptions, these results are similar to those 
found by other investigators (Rodríguez Rodrígu-
ez et al., 2001; Cashman, 2006; Lante, 2006; 
Sola-Larranaga and Navarro-Blasco, 2009). 

 Daily intake and food sources of different nu-
trients were investigated (Kersting et al., 2001; 
Vuckovic at al., 2000; Moore et al., 2005; Yen 
et al., 2008). Among them milk and dairy products 
were present as a source of minerals, especially cal-
cium (Colić Barić et al., 2001; Colić Barić and 
Brlečić, 2001; Panjkota Krbavčić and Sučić, 
2007). The mean values and standard deviation 
for milk consumption by children from primary 
and secondary schools defined by age and gen-
der are given in Table 3. The children 8-9 years of 
age consume 0.46 L of milk per day. Average daily 
milk consumption of an adolescent 15-18 years of 
age is similar (0.47 L/day) to children consump-
tion, but not sufficient. Milk consumption by ado-
lescent is usually lower than by children what is 
not rare (Crawly and Summerbell, 1998; Colić 
Barić, 2001; Colić Barić and Šatalić, 2002). 
Because of that, mineral intake of adolescents is 
also usually lower according to gender and age. 
 The mean values for concentrations of essential 
minerals detected in sterilised semi-skimmed milk 
samples with 2.8 % milk fat content and average 
daily intake of these minerals by milk consumption 
are given in table 4 for children 8-9 years of age and 
in table 5 for adolescents 15-18 years of age. 

 Calcium and phosphorus are major milk mine-
rals (Table 2). Average content of calcium in our 
milks (900 mg/L) which was in some cases close 
or lower than those found in literature (970-1650 
mg/L) (Sola-Larranaga and Navarro-Blasco, 
2009; Tratnik, 1998; Rodríguez Rodríguez et al., 

2001; Cashman, 2006; Lante, 2006 ). Phosphorus 
average content (970 mg/L) was in accordance with 
the same literature data. Calcium and phosphorus 
are required for growth and development of bones 
and teeth. In milk, they are mostly incorporated 
with casein in the casein micelles. Calcium helps 
the brain, nerves, muscles and heart to function pro-
perly. It has been associated with the prevention of 
osteoporosis, bowel and intestinal cancer and high 
blood pressure. The main source of calcium is milk 
and dairy products.  Phosphorus is important for  
energy production, helps muscle contraction, pre-
vents osteoporosis and is important for major bio-
chemical reactions in the body. Deficiency of cal-
cium or phosphorus can cause serious disorders 
(Anonymous 1, 2010; Belitz et al., 2004; Mare-
njak et al., 2006). It was determined that children 
and adolescents have the highest intake of those two 
minerals. Intake of calcium through milk consump-
tion was 32 % of AIs for children and around 33 % 
of AIs for adolescents, while intake of phosphorus 
was 35 % RDA and 35 % RDA, respectively (Tables 
4 and 5). 

 Magnesium acts as an activator of many enzy-
matic reactions like glycolysis, fat and protein me-
tabolism, adenosine triphosphate hydrolysis; it is 
the regulator of the membrane stability and neuro-
muscular, cardiovascular, immune and hormonal 
functions. Magnesium deficiency alters calcium 
metabolism and the hormone that regulates calcium 
(Lukaski, 2004; CNS, 2001). In investigated sam-
ples, average value for magnesium was about 115 
mg/L in milk (Table 2). It was determined that in-
take of magnesium by milk consumption achieved 
22 % of RDA for children, and 13 % of RDA for 
adolescents what is almost half less than children’s 
intake (Tables 4 and 5).

Table 3. Daily intake of semi-skimmed milk with 2.8 % milk fat (mL/day) (x±s)
Tablica 3. Dnevni unos djelomično obranog mlijeka sa 2,8 % mliječne masti (mL/dan) (x±s)

Age/Uzrast
Examinees

Ispitanici

Milk quantity/Količina mlijeka (mL/dan) 

(x±s)

Males/Muški 463.7±230.3

8-9 years/8-9 godina Females/Ženski 468.9±196.8

Everybody/ Svi 466.2±214.1

Males/Muški 505.8±285.1

15-18 years/15-18 godina Females/Ženski 447.8±267.4

Everybody/ Svi 475.2±275.7
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 Copper and iron are essential but in excess 
they contribute to the production of oxidant radi-
cals excess what results with some diseases in age 
over fifty (Brewer, 2010). Therefore, milk is not 
a good source of iron and copper; average content 
was 0.670 mg/L, and 0.190 mg/L, respectively (Ta-
ble 2). Iron is a key trace element required for the 
delivery of oxygen to tissues. It serves as a functional 
component of iron containing proteins including 
haemoglobin, myoglobin, cytochromes and specific 
iron-containing enzymes. It plays an important role 
in energy use during the work. Anaemia occurs when 
there is not enough iron in the red blood cells (Lu-
kaski, 2004). The iron requirement depends on 
the age and gender of the individual (Belitz et al., 
2004). The data in tables 4 and 5 show that intake 
of iron was 3.25 % of RDA for children, while intake 
for adolescents was lower, 2.55 % of RDA for males 
and only 1.66 % of RDA for females (Tables 4 and 
5). Copper aids in the formation of bone, haemo-
globin, and red blood cells. It works with vitamin 
C and zinc to form elastin. It is involved in: energy 
production, hair and skin colour, taste sensitivity and 

formation of collagen (Anonymous 1, 2010). It is 
also a component of a number of oxidoreducting en-
zymes (Belitz et al., 2004). According to obtained 
data, the intake of copper by milk consumption was 
10 % of RDA for children and 8 % of RDA for ado-
lescents (Tables 4 and 5). 

 Zinc has a lot of functions in the human body. 
It is required for the structure and activity of more 
than 300 enzymes, for nucleic acid and protein 
synthesis, cellular differentiation and replication, 
glucose use and insulin secretion, exerts regulatory 
actions in various aspects of hormone metabolism. 
Adequate zinc is needed for the integration of many 
physiologic systems such as immunity, reproduction, 
taste etc. (Lukaski, 2004). Zinc deficiency in ani-
mals causes serious disorders, while high zinc intake 
for humans is toxic (Belitz et al., 2004). Average 
content of zinc in investigated milk samples was 3.5 
mg/L (Table 2). Consumption of around 0.5 L of 
milk per day (Table 3), resulted in intake of zinc for 
children about 22 % of RDA while intake of zinc for 
male and female adolescents was 16.5 % and 20 % of 
RDA, respectively (Tables 4 and 5).

aMales/Females (Muško/Žensko), (1)Recommended Dietary Allowances (RDA) (mg/day)/Preporučeni dnevni unosi (RDA) (mg/dan), 
(2)Adequate Intakes (AIs) (mg/day)/Adekvatni unosi (AIs) (mg/dan), (3)Tolerable Upper Intake Levels (ULs) (mg/day)/Maksimalno 
dozvoljeni dnevni unosi (ULs) (mg/dan)

Examinees 8-9 years/Ispitanici 8-9 godina

Minerals/Minerali  
          (mg)

Level/Razina
Boys/Dječaci  

(n=52)
Girls/Djevojčice  

(n=48) 
Everybody/Svi

(n=100)

Intake  
(mg/Day)

Unos  
(mg/Dan)

%

Intake  
(mg/Day)

Unos  
(mg/Dan)

%

Intake  
(mg/Day)

Unos  
(mg/Dan)

%

Calcium/Kalcij 1300(2) 417.65 32.13 422.34 32.49 419.91 32.30

Phosphorus/Fosfor 1250(1) 430.22 34.42 435.05 34.80 432.54 34.60

Magnesium/Magnezij 240(1) 53.33 22.22 53.92 22.47 53.61 22.34

Iron/Željezo 8(1) 0.26 3.25 0.26 3.25 0.26 3.25

Copper/Bakar 0.7(1) 0.06 8.60 0.07 10.00 0.07 10.00

Zinc/Cink 8(1) 1.76 22.00 1.78 22.25 1.77 22.13

Manganese/Mangan 1.9/1.6(2)a 0.03 1.58 0.03 1.88 0.03 1.58/1.88a

Nickel/Nikal 0.6(3) 0.03 5.0 0.03 5.0 0.03 5.0

Potassium/Kalij 4500(2) 725.88 16.13 734.02 16.31 729.79 16.22

Sodium/Natrij 1500(2) 216.22 14.41 218.65 14.58 217.39 14.49

Table 4. Average daily intake of minerals and degree of compliance (%) with RDA, AIs and ULs values by 
examinees aged 8-9 years 

Tablica 4. Prosječni dnevni unos minerala i stupanj slaganja (%) sa RDA, AIs i ULs vrijednostima kod  
  ispitanika starih 8-9 godina
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 Manganese is a cofactor for a number of im-
portant enzymes, including arginase, cholineste-
rase, phosphoglucomutase, pyruvate carboxylase, 
mitochondrial superoxide dismutase and several 
phosphates, peptidases and glycosyltransferases. In 
certain instances, Mn2+ may be replaced by Co2+ 
or Mg2+. Inadequate manganese intake has been as-
sociated with parenteral nutrition, resulting in der-
matitis, changes in hair pigmentation and slowed 
hair growth. Excess manganese interferes with the 
absorption of dietary iron. Long-term exposure to 
excess levels may result in iron-deficiency anae-
mia. Increased manganese intake impairs the activ-
ity of copper metalo-enzymes (Blaurock - Busch, 
2010). Average manganese content in investigated 
milk samples was 0.06 mg/L (Table 2). Among de-
termined minerals, intake of manganese was the 
lowest. Adequate intakes for children were 1.6 % of 
AIs for boys and 1.9 % for girls, while among adoles-

cents they were 1.4 % of AIs for males and 1.9 % of 
AIs for females (Tables 4 and 5). 

 Nickel is the activator for number of enzymes, it 
enhances insulin activity (Belitz et al., 2004). Nick-
el has a great affinity for cellular structures such as 
chromosomes and ion channels, but its influence on 
them at normal tissue concentrations is not known. 
Nickel deficiency disease has not been described for 
humans. Excessive nickel in tissues is pro-oxidant 
(damaging chromosomes and other cell components) 
and alters hormone and enzyme activities, move-
ment of ions through membranes and immune func-
tion. Under some conditions, large amounts of nickel 
may precipitate magnesium deficiency or cause ac-
cumulation of iron or zinc (Kenney, 2010). Average 
nickel concentration was around 0.06 mg/L of milk 
(Table 2). Intake of nickel through milk consumption 
was 5 % and 3 % of ULs (0.6 mg/day) for children 
and adolescents, respectively (Tables 4 and 5).

Examinees 15-18 years/Ispitanici 15-18 godina

Minerals

Minerali

Level

Razina
Male/Muški  

(n=51)
Female/Ženski 

 (n=57) 
Everybody/Svi  

(n=108)

Intake 

(mg/Day)

Unos 

(mg/Dan)

%

Intake 

(mg/Day)

Unos 

(mg/Dan)

%

Intake 

(mg/Day)

Unos 

(mg/Dan)

%

Calcium/Kalcij 1300(2) 455.57 35.04 403.33 31.03 428.01 32.92

Phosphorus/Fosfor 1250(1) 469.28 37.54 415.47 33.24 440.89 35.27

Magnesium/Magnezij 410(1) 58.17 14.19 51.50 12.56 54.65 13.33

Iron/Željezo 11/15(1)a 0.28 2.55 0.25 1.66 0.26 2.36/1.73a

Copper/Bakar 0.89(1) 0.07 7.87 0.06 6.74 0.07 7.87

Zinc/Cink 11/9(1)a 1.92 17.45 1.70 18.89 1.81 16.45/20.10a

Manganese/Mangan 2.2/1.6(2)a 0.03 1.36 0.02 1.88 0.03 1.36/1.88a

Nickel/Nikal 1.0(3) 0.04 4.00 0.03 3.00 0.03 3.00

Potassium/Kalij 4700(2) 791.78 16.85 700.99 14.91 743.88 15.83

Sodium/Natrij 1500(2) 235.85 15.72 208.81 13.92 221.59 14.77
aMales/Females (Muško/Žensko), (1) Recommended Dietary Allowances (RDA) (mg/day)/Preporučeni dnevni unosi (RDA) (mg/dan), 
(2) Adequate Intakes (AIs) (mg/day)/Adekvatni unosi (AIs) (mg/dan), (3) Tolerable Upper Intake Levels (ULs) (mg/day)/Maksimalno 
dozvoljeni dnevni unosi (ULs) (mg/dan)

Table 5. Average daily intake of minerals and degree of compliance (%) with RDA, AIs and ULs values by 
examinees aged 15-18 years 

Tablica 5. Prosječni dnevni unos minerala i stupanj slaganja (%) sa RDA, AI i UL vrijednostima kod ispitanika 
starih 15-18 godina
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 Potassium regulates osmotic pressure within 
the cell, balances water and acid in the blood and 
body tissues, and is involved in: cell membrane 
transport, building muscle and metabolizing protein 
and carbohydrate. Potassium deficiency is associ-
ated with number of symptoms like fatigue, slow 
reflexes, muscle weakness and dry skin (Belitz et 
al., 2004). In investigated samples, there was around 
1570 mg/L of potassium. Intake of potassium within 
children and adolescents was almost the same (16 % 
of AIs). 

 Sodium is the predominant extracellular cation 
and maintains osmotic pressure of extracellular flu-
ids. Excess dietary sodium is excreted in the urine. 
The mineral is very efficiently reabsorbed by the 
kidney when intakes are low or losses are excessive. 
Sodium acts in consort with potassium, to maintain 
proper body water distribution and blood pressure, 
and also is important in maintaining the proper acid-
base balance and in the transmission of nerve im-
pulses (Johnson, 2010). In addition sodium acti-
vates some enzymes such as amylase (Belitz et al., 
2004). Data in Table 2 shows that the average con-
tent of sodium was around 480 mg/L of milk. Intake 
of sodium was similar within children and adoles-
cents, about 15 % of AIs.

Conclusion

 The content of ten mineral components was de-
termined during the year in milk samples with dif-
ferent fat content and produced by different manu-
facturers. Given the proportion of fat there were no 
significant differences in the determined minerals 
proportion. Although, in comparison with literature, 
the data may reveal that some differences in order of 
magnitude of determined minerals were the same. 
Specially designed, completely quantified Food Fre-
quency Questionnaire was made. The subjects were 
children aged 8-9, and adolescents aged 15-18 years. 
Based on daily consumption of about 0.5 L of milk, 
it was shown that the consumption of milk does not 
meet the daily requirements for determined mine-
rals. Most significant was the intake of calcium and 
phosphorus while the lowest intake was for manga-
nese.

Esencijalni minerali mlijeka  
i njihov dnevni unos konzumiranjem 

mlijeka

Sažetak

 Minerali se nalaze u svim namirnicama pa tako 
i u mlijeku i mliječnim proizvodima. Na udjel mine-
rala u mlijeku utječu mnogi faktori, od uvjeta zaštite 
okoliša za vrijeme ispaše, hranjenja, uzgoja, stadija 
laktacije i klime do postupaka nakon mužnje, tran-
sporta i obrade. Cilj istraživanja bio je procijeniti je li 
unos esencijalnih minerala u skladu s vrijednostima 
za Preporučene dnevne unose (RDA), Adekvatne 
unose (AIs) ili Maksimalno dozvoljene dnevne unose 
(Uls) za esencijalne elemente. Analizirani su uzorci 
mlijeka različitih proizvođača, s različitim udjelom 
masti, a nabavljeni su na zagrebačkom tržištu četiri 
puta tijekom 2007. godine. Udjeli deset minerala 
(Ca, P, Mg, Fe, Cu, Zn, Mn, Ni, K and Na) određe-
ni su pomoću atomske apsorpcijske spektrometrije. 
Srednje vrijednosti udjela minerala bile su u skladu s 
literaturnim podacima. Također je procijenjen dnev-
ni unos navedenih minerala  putem mlijeka, kod dje-
ce školskog uzrasta (školska djeca u dobi 8-9 godina 
i adolescenti u dobi 15-18 godina) podijeljene u gru-
pe obzirom na godine i spol. Prosječni  dnevni uno-
si esencijalnih minerala kretali su se od minimalno 
1,36 % za mangan do maksimalno 35,27 % za fosfor, 
bez obzira na dob i spol djece.

 Ključne riječi: mlijeko, minerali, unos minerala

References

1. Anonymous 1 (2010): Reference Guide for minerals. 
http://www.realtime.net/anr/minerals.html (accessed 
26.03.2010).

2. Anonymous 2 (2010): Dietary Reference Intakes for Vi-
tamin A, Vitamin K, Arsenic, Boron, Chromium, Cop-
per, Iodine, Iron, Manganese, Molybdenum, Nickel, 
Silicon, Vanadium and Zinc (2001). Copyright by the 
National Academy of Sciences (2004). http://www.
iom.edu/Global/News/Announcements/~/media/
Files/Activity Files/Nutrition/DRIs/DRISummaryList-
ing2.ashx (accessed 26.03.2010).

3. AOAC (2000a): Official Methods 985.35. Minerals in 
infant formula, enteral products, and pet foods. In: Of-
ficial Methods of Analysis, 17th ed., Arlington, USA.

4. AOAC (2000b): Official Methods 999.11. Determina-
tion of lead, cadmium, copper, iron and zinc in foods. In: 
Official Methods of Analysis, 17th ed., Arlington, USA. 

5. Belitz, H.D., Grosh, W., Schiberle, P. (2004): Food 
Chemistry, 3rd ed., Springer, Heidelberg.



84 N. VAHČIĆ et al.: Essential minerals in milk, Mljekarstvo 60 (2), 77-85 (2010)

6. Blaurock-Busch, E. (2010): The Clinical Effects of  
Manganese (Mn), PhD http://www.tldp.com/is-
sue/180/Clinical%20Effects%20of%20Mn.html (ac-
cessed 31.03.2010).

7. Brewer, G.J. (2010): Risk of cooper and iron toxicity 
during aging in humans. Chemical Research in toxicology 
23 (2), 319-326.

8. Byers, T., Treiber, F., Gunter, E., Coates, R., Sowell, A., 
Leonard, S., Mokdad, A., Jewell, S., Miller, D., Serdula, 
M., Strong, W. (1993): The accuracy of paternal reports 
of their children’s intake of fruits and vegetables: valida-
tion of food frequency questionare with serum levels of 
carotenoids and vitamins C, A and E. Epidemiology 43, 
50-355.

9. Cashman, K.D. (2006): Milk minerals (including trace 
elements) and bone health. International Dairy Journal 
16, 1389-1398.

10. Cavadini, C., Decarli, B., Dirren, H., Cauderay, M., 
Narring, F. and Michaud, P.A. (1999): Assessment of 
adolescent food habits in Switzerland. Appetite 32, 97-
106.

11. CNS, Clinical Nutrition Service (2001): Facts About 
Dietary Supplements. National Institutes of Health 
Warren Grant Magnuson Clinical Center, Bethesda. 

12. Colić, I. (1987): Nutritional value of meals in social 
nourishment for students and establishing the norma-
tives. University of Zagreb (Master’s thesis).

13. Colić Barić, I. (2001): A comparison of nutrition knowl-
edge, attitudes and dairy consumption of school chil-
dren according to age and gender. Mljekarstvo 51, 3-14.

14. Colić Barić, I., Cvijetić, S., Jureša, V., Šatalić, Z. (2001): 
Milk and dairy products in adolescent diet according to 
sex and living area. Mljekarstvo 51 (1), 205-214.

15. Colić Barić, I., Brlečić, M. (2001): Zastupljenost mlijeka 
i mliječnih proizvoda u obrocima predškolskih ustanova s 
obzirom na godišnja doba. Mljekarstvo 51 (2), 287-289.

16. Colić Barić, I., Šatalić, Z. (2002): Breakfast quality dif-
ferences among children and adolescents in Croatia. In-
ternational Journal of Food Sciences and Nutrition 53, 
79-87.

17. Coni, S., Caroli, D., Bocca, A. ( 1994): A methodolilogi-
cal approach to the assesment of trace elements in milk 
and dairy product, Food Chemistry 50 (2) 203-210.

18. Coni, S., Bocca, A., Ianni, D., Caroli, S. (1995): Pre-
liminary evaluation of the factors influencing the trace 
element content of milk and dairy product. Food Che-
mistry 52 (2) 123-130.

19. Crawley, H.F., Summerbell, C.D. (1998): The nutri-
ent and food intakes of British male dieters aged 16-17 
years. Journal of Human Nutrition and Dietetics 11, 33-
40.

20. Johnson, G.H. (2010): Sodium, Ph.D. http://
jn.nutrition.org/nutinfo/content/sodi.shtml (accessed 
01.04. 2010).

21. Kenney, M.A. (2010): Nickel, Ph.D. http://jn.nutrition.
org/nutinfo/content/nick.shtml (accessed 01.04.2010).

22. Kersting, M., Alexy, U., Sichert Hellert, W. (2001): 
Dietary intake and food sources of minerals in 1 to 18 
year old german children and adolescents. Nutrition Re-
search 21, 607-616.

23. Lante, A., Lomolino, G., Cagnin, M., Spettoli, P. (2006): 
Content and characterisation of minerals in milk and in 
Crescenza and Squacquerone Italian fresh cheeses by 
ICP-OES. Food Control 17, 229-233. 

24. Licata, P., Trombetta, D., Cristani, M., Giofre, F., Mar-
tino, D., Calo, M., Naccari, M. (2004): Levels of “toxic” 
and essential metals in samples of bovine milk from vari-
ous dairy farms in Calabria, Italy. Envinroment Interna-
tional 30, 1-6.

25. Lukaski, H.C. (2004): Vitamin and mineral status: ef-
fect on physical performance. Nutrition 20, 632-644.

26. Macdonald, I. (1991): Monitoring dietary intakes, 
Springer-Verlag, Berlin. 

27. Marenjak, T.S., Poljičak-Milas, N., Delaš, I. (2006): 
Biološki aktivne tvari u kravljem mlijeku i njihov učinak 
na zdravlje. Mljekarstvo 56 (2), 119-137.

28. Martino, F.A.R., Fernandez Sancez, M.L., Sanz Medel, 
A. (2000): Total determination essential and toxic ele-
ments in milk wey by double focusing ICP-MS. Journal 
of Analytical Atomic Spectrometry 15, 163-168.

29. Ministry of Agriculture, Fisheries and Food (1998a): 
Lead, Arsenic and other Metals in Food. Food Surveil-
lance Paper No. 52, The Stationery Office, London.

30. Ministry of Agriculture, Fisheries and Food (1998b): 
Cadmium, Mercury and other Metals in Food. Food Sur-
veillance Paper No. 53, The Stationery Office, London.

31. Moore, L., Tapper, K., Dennehy, A., Cooper, A. (2005): 
Development and testing of a computerised 24-h re-
call questionaire measuring fruit and snack consuption 
among 9-11 year olds. European Journal of Clinical Nu-
trition 59, 809-816.

32. Orak, H., Yanardag, R., Hugül, M. (2000): The levels of 
sodium, potassium, magnesium and calcium in various 
milk samples of Turkey. Nahrung 44 (4) 285-287.

33. Panjkota Krbavčić, I., Sučić, M. (2007): Procjena unosa 
mlijeka, mliječnih proizvoda i kalcija u prehrani oboljelih 
od celijakije. Mljekarstvo 57 (3), 219-228.

34. Pao, E.M., Cypel, Y.S. (1990): Estimation of dietary in-
take. In Brown, M.L. (ed): Present knowledge in nutri-
tion, International Life Science Institute, Washington. 

35. Pike, R.L., Brown, M.L. (1984): Nutrition: An Integra-
ted Approach, John Wiley and Sons, New York.

36. Rodriguez Rodriguez, E.M., Sanz Alaejos, M., Diaz 
Romero C. (2001): Mineral concentrations in cow’s 
milk from the Canary Island. Journal of Food Composi-
tion and Analysis 14, 419-430.

37. Sola-Laranaga, C., Navarro-Blasco, I. (2009): Chemo-
metric analysis of minerals and trace elements in raw 
cow milk from the community Navarra, Spain. Food 
Chemistry 112, 189-196.

38. Surrao, J., Sawaya, A.L., Dallal, G.E., Tsay, R., Roberts, 
S.B. (1998): Use of food quantities in human doubly 
labeled water studies: comparable results obtained 
with 4 widely used food intake methods. Journal of the 
American Dietetic Association 98, 1015-1020. 



N. VAHČIĆ et al.: Essential minerals in milk, Mljekarstvo 60 (2), 77-85 (2010) 85

39. Tratnik, LJ. (1998): Mlijeko - tehnologija, biokemija i 
mikrobiologija. Hrvatska mljekarska udruga, Zagreb. 

40. Vegarud, G.E., Langsrud, T., Svaning, C. (2000): Min-
eral-binding milk proteins and peptides; occurance, bio-
chemical and technological characteristics. British Jour-
nal of Nutrition 84 (1) S91-98.

41. Vuckovic, N., Ritehbaugh, C., Taren, D.L., Tobar, M. 
(2000): A qualitative study of participants’ expiriences 
with dietary assessment. Journal  of the Amarican Di-
etetic Association 100, 1023-1028.

42. Whitney, E.N., Hamilton, E.M.N., Rolfes, S.R, (1990): 
Understanding Nutrition. West Publishing Co, St. Paul.

43. Yen, C.E., Yen, C.H., Huang, M.C., Cheng, C.H., 
Huang, Y.C. (2008): Dietary intake and nutritional sta-
tus of vegetarian and omnivorous preschool children and 
their parents in Tailand. Nutrition Research 28, 430-
436. 

44. Zurera-Cosano, G., Moreno-Rojas, R., Amaro-Lopez, 
M. (1994): Effect of processing on contents and rela-
tionships of mineral elements of milk. Food Chemistry 
51 (1) 75-78.


